Summary. Blood flow in the middle uterine artery was measured with electromagnetic blood flow probes, and placental lactogen in jugular and uterine venous plasma was estimated as total lactogenic activity using a radioreceptor assay. There was no circadian variation in uterine arterial blood flow in late pregnancy (Days 105\p=n-\ 124) and the pattern of blood flow varied between goats. Blood flow was quite stable for periods of up to 40 min although at other times a rapid fall (by up to 90%) was followed by a gradual recovery. These spontaneous changes lasting up to 30 min could not be consistently related to postural or behavioural changes. Acute decreases of about the same duration could also be induced by administration of adrenaline. In the short-term there was no association between uterine blood flow and total lactogenic activity in the peripheral circulation during spontaneous or adrenaline-induced depression of blood flow. More limited short-term observations on total lactogenic activity in the uterine vein also failed to show a relationship with blood flow in the uterine artery.
Introduction
The concentration of placental lactogen in the plasma of pregnant sheep and goats is related to the stage of gestation (Buttle, Forsyth & Knaggs, 1972;  Kelly, Robertson & Friesen, 1974; Djiane & Kann, 1975; Handwerger et al., 1977; Currie, Kelly, Friesen & Thorburn, 1977; Chan, Robertson & Friesen, 1978;  Hayden, Thomas, Smith & Forsyth, 1980) and number of fetuses (Gluckman, Kaplan, Rudolph & Grumbach, 1979; Hayden et al., 1980) . Nevertheless, the regulation of placental lactogen secretion in ruminants is not well understood. In the sheep, arginine (Handwerger et al., 1978) and ornithine are potent stimuli to the secretion of placental lactogen into the maternal circulation (Handwerger, Grandis, Barry & Crenshaw, 1981 ;  Grandis & Handwerger, 1983 ) although the mechanism is unknown. A dopaminergic mechanism may also be involved since bromocriptine transiently increased the amount of hormone in the placenta of sheep (Martal & Lacroix, 1978) and depressed placental lactogen in plasma of sheep (Lowe et ai, 1979) and goats (Buttle, Cowie, Jones & Turvey, 1979) .
Sequential measurement of placental lactogen in peripheral plasma has revealed spontaneous short-term fluctuations of the concentration of hormone. In the sheep concentrations vary by up to 2-fold from hour to hour (Taylor et aï., 1980) , while in the goat placental lactogen may vary by up to 3-fold hourly (Hayden et al., 1980) . There was no evidence of a circadian rhythm in either study.
There are also spontaneous fluctuations of the concentration of placental lactogen in human plasma, presumed to be caused by changes in placental blood flow (Vigneri et al., 1975; Chard, 1981) since constriction of the maternal aorta or ligation of placental blood vessels reduces both placental blood flow and concentration of placental lactogen in the circulation of the rhesus monkey (Belanger, Shome, Friesen & Myers, 1971 123, 2 from Goat 776 and 3 from Goat 851. Blood samples (3-5 ml) were collected into 10-ml polystyrene centrifuge tubes containing heparin, chilled and centrifuged (900 g, 20 min). The plasma was stored without addition of preservative at -20°C and was assayed within 3 weeks of collection. Cannulae were kept patent between samplings by filling with 0-9% (w/v) NaCl containing 10 units heparin ml-1. At the end of the experimental period, adrenaline (25-100 µg in 2 ml; 0-6-1-35 µg/kg body weight) was injected into the jugular vein to reduce uterine blood flow and blood samples were taken from the jugular vein for estimations of placental lactogen.
The goats were killed 9-24 days after surgery. At autopsy, the wet weight of the placentomes dissected free of fetal membranes was recorded and the uterine artery, together with the attached perivascular flow sensor was removed. The flow meter was then calibrated by pumping 0-9% (w/v) NaCl through the artery at rates between 0 and 600 ml/min. The meter response increased linearly with flow rate over this range (r = 0-994 -0-998, = 12-18).
Assay ofplacental lactogen
Basal prolactin concentrations in the plasma of goats pregnant during winter in the northern hemisphere are low and represent less than 5% of the total lactogenic activity in plasma (Hayden et al., 1980) . Accordingly total lactogenic activity, i.e. prolactin plus placental lactogen, in plasma was measured by radioreceptor assay as previously described (Hayden et al., 1980) . The assay procedure employed rabbit liver membranes (Parke & Forsyth, 1975) which had been freeze dried in the presence of 25 mM-Tris-HCl, 10 mM-CaCl2, pH 7-6. Assay tubes contained 1 mg membranes in 100 µ assay buffer (25 mM-Tris-HCl, 10 mM-CaCl2, 01% BSA containing 100 units heparin/ml, pH 7-6), 25 000 counts 125I-labelled ovine prolactin (0-4 ng; NIH-P-S6, 25 i.u./mg) in 100 µ assay buffer, and either samples or standards in 100 µ . Plasma samples were assayed at 1:5 or 1:10 dilutions. The standard was ovine prolactin, NIH-P-S12, 35 i.u./mg, 0-2000 ng/tube, in a 1:5 or 1:10 dilution of plasma from an hypophysectomized, non-pregnant female goat. Tubes were incubated for 17 h at 4°C. Ice-cold assay buffer (2000 µ ) was then added to each tube and the membranes were sedimented at 1500# for 20 min. The supernatant fraction was aspirated and the pellets were assayed for radioactivity. The results are expressed as ng equivalents of ovine prolactin per ml plasma. The sensitivity of the assay, calculated as the lowest concentration of prolactin-like activity differing from replicate determination of zero by two standard deviations, varied between 0-8 and 1-3 ng/ml. Within-assay variation, assessed as standard deviations from differences between duplicates, was 4-82 + 0-28(s.e.m.)%(n = 5). Within-assay variation, assessed as the coefficient of variation of replicate determinations on a quality control plasma, varied from 8-4 to 11 -3%. Interassay variation, assessed as the coefficient of variation of determinations of two quality control plasmas, ranged from 10-9 to 17-3%.
Results
Surgery had a variable effect on total lactogenic activity in plasma. Preoperative concentrations (mean ± s.e.m.) of total lactogenic activity in jugular venous plasma were 635 ± 46-3 ng/ml (« = 4), 315-1 ± 42-6 ng/ml (n = 4) and 333-7 ± 36-8 ng/ml (n = 4) in Goats 123, 776 and 851 respectively. At 1 day after operation total lactogenic activity in plasma was 696-2 ± 38-6 ng/ml (n = 4, N.S.), 47-9 ± 3-4 ng/ml (n = 4, < 0-001) and 313-7 ± 50-6 ng/ml (n = 4, N.S.). By Day 7, however, total lactogenic activity in plasma had recovered to 280-6 ± 17-9 ng/ml (n = 4) in Goat 776. There was little change in average blood flow during the post-operative period. Observations were made daily for at least 20 min. The means of these daily blood flows were 215-7 ml/min (coefficient of variation, CV, 32%) over 13 days after surgery in Goat 123, 197-5 ml/min (CV 23%) over 9 days in Goat 776 and 418-0 ml/min (CV 19%) over 23 days in Goat 851.
Mean values of uterine blood flow and levels of total lactogenic activity in the uterine vein are given in Table 1 . The values are the average of all measurements made during a 24-h period. The changes in blood flow in the uterine artery of each goat over a 24-h period are shown as mean blood flow per 20-min period (Text- fig. 1 ). Blood flow fluctuated over the 24-h period, markedly so in (Text-fig. 3 ). By contrast, while adrenaline also produced a 65% decrease in pulse amplitude the pulse rate was also reduced from 131 to 72 min-1 (Text-fig. 3 fig. 4 ). Changes in blood flow produced by adrenaline similarly had no effect on total lactogenic activity in jugular venous plasma (not shown).
Discussion
In the goats with only a single fetus, blood flow was measured in the uterine artery ipsilateral to the uterine horn containing the fetus. In general blood flow in the ipsilateral artery is greater than in the contralateral artery provided placental attachment is confined to the former. Similarly, in twin pregnancies in sheep the size and extent of placentation in each horn influences the magnitude of blood flow to each (Dilts, Brinkman, Kirschbaum & Assali, 1969 (Ferrell & Ford, 1980) . In addition, while average daily progesterone concentrations in peripheral plasma of cyclic cows were correlated with blood flow to the ovary, the diurnal fluctuations of progesterone concentrations could not be correlated with the diurnal changes in ovarian blood flow (Wise, Caton, Thatcher, Barron & Fields, 1982) .
The cause of the spontaneous fluctuations of uterine blood flow in Goat 123 are not known.
Various factors reduce uterine blood flow in sheep, e.g. hyperthermia, respiratory alkalosis (Oakes, Walker, Ehrenkranz, Cefalo & Chez, 1976) , severe hypoxia (Dilts et al., 1969) , time of day (Walker et al., 1977) and uterine contraction during labour (Greiss, 1965) . In non-pregnant sheep, however, myometrial contraction could not be consistently related to transient decreases in uterine blood flow (Fleet & Heap, 1982) . We found no evidence for a circadian variation in uterine blood flow in any goat and the fluctuations in Goat 123 are unexplained. In addition to short-term fluctuations there are major changes in uterine blood flow related to the stage of gestation. Uterine blood flow in the goat increases markedly between Days 20 and 50 of gestation and then declines by 60-70% by Day 70 to about 350 ml/kg/min which is maintained until term (Cotter, Blechner & Prystowsky, 1969) . The peak in blood flows occurs before the normal rise in placental lactogen which takes place about Days 60-70 (Currie et al., 1977 ; Hayden et al., 1980) . Although placental lactogen is related to the number of fetuses in the sheep (Gluckman et al., 1979) and goat (Hayden et ai, 1980) , factors other than placental mass and blood flow are involved in its control since plasma concentrations of placental lactogen continue to rise (Kelly et ai, 197'4 ; Djiane & Kann, 1975) after cotyledonary growth (Martal & Djiane, 1977) and uterine blood flow (Greiss & Anderson, 1970) have reached a plateau.
